7 proceeds with high levels of diastereocontrol. The resulting homopropargylic amine derivatives 10 were transformed into 2-(2-aminoalkyl)benzofuran and indole derivatives 13 and 19, after Sonogashira-coupling with o-iodophenol or o-iodoaniline, followed by formation of the heteroaromatic ring through an intramolecular cyclization. Enantioenriched tetrahydropyridobenzofuran and indole derivatives 16 and 21 were prepared through a Picted-Spengler condensation of the free amines derived from compounds 15 and 20, involving the nucleophilic 3-position of the benzofuran or indole moiety.
INTRODUCTION
A large percentage of drugs and drug candidates contains the amine functionality, 1 which is also widespread among natural products, organocatalysts 2 and ligands of organometallic catalysts.
Remarkably, in many of these compounds the nitrogen atom is bonded to a stereogenic center, so the development of general and versatile asymmetric methodologies for preparing enantioenriched chiral amines is of great importance in synthesis. 3 Compounds with the indole unit bearing a 2-aminoalkyl substituent at the 3-position are part of the family of these aminated compounds which have attracted the interest of chemists and pharmacologists mainly due to their possible physiological activities. Many indole alkaloids have been known for years and used in ancient cultures as psychotropic, stimulants and poisons. All these natural products derive from the amino acid tryptophan (1) 4 and show wide structural diversity, going from the simplest compound tryptamine (2), a non-selective serotonin receptor agonist and serotonin-norepinephrine-dopamine releasing agent, 5 to, for instance, harmine (3), a fluorescent harmala alkaloid which reversibly inhibits monoamine oxidase which shows also cytotoxicity against different cell lines, 6 and lysergic acid (4), a precursor of different ergoline alkaloids. Amide derivatives of 4 were used as psychedelic drugs. Other representative indole alkaloids with more complex structures are strychnine (5), a poison which produces muscular convulsions isolated from the seeds of the Strychnos nux-vomica tree, 7 and the bisindole derivative voacamine (6) On the other hand, over the past decade, N-tert-butanesulfinyl imines 13 have been extensively used as electrophiles in a wide range of synthetic applications due to easy access to both enantiomers from commercially available tert-butanesulfinamide at reasonable prices. Importantly, the tertbutanesulfinyl group can be removed under mild reaction conditions leading to free amines and, in addition, useful synthetic procedures have been developed in order to recycle the chiral tertbutanesulfinamide, 14 being this process at the end as a non-immolative removal procedure of the chiral auxiliary. Regarding our research in this area, we have described the stereoselective indium promoted coupling of N-tert-butanesulfinyl imines with allylic bromides 15 and also with trimethylsilyl propargyl bromide 16 to give the corresponding homoallyl and homopropargyl amine derivatives, respectively, which have been used as precursors in the synthesis of natural products 17 and other structurally diverse nitrogen-containing compounds. 18 Being aware of the potential interest of 2-aminoalkyl benzofurans and indoles of type I and II with regard to biological activity, we decided to explore new synthetic pathways to access to these compounds and other polyheterocyclic derivatives in an enantioenriched form, from N-tert-butanesulfinyl homopropargylamines and ortho-iodoaniline or ortho-iodophenol, through a tandem Sonogashiracyclization reaction and final Pictet-Spengler type intramolecular electrophilic substitution (Scheme 1).
Scheme 1. Retrosynthetic analysis of synthesis of 2-aminoalkyl indoles, benzofurans and tetrahydropyridoindole and furan derivatives

RESULTS AND DISCUSSION
We have already reported that the reaction of 3.3 equivalents of trimethylsilylpropargyl bromide 8
with different chiral N-tert-butanesulfinyl aldimines 7 in the presence of 3.3 equivalents of indium metal under sonication for 7 hours led to the formation of the corresponding silylated homopropargyl amine derivatives 9 in variable yields, but always with excellent diastereomeric ratios. It is worth mentioning that enantiomerically pure compounds 9 were isolated after column chromatography purification in all cases (Scheme 2). 16 Addition of silicon-stabilized allenylindium intermediate took place predominantly to the Si face of imines with R S configuration. In order to explain that, we proposed a six-membered ring transition state III, with the simultaneous coordination of the indium atom of the to both the nitrogen and oxygen atoms of the imine, so fixing a conformation in which nucleophilic attack proceeded at the less hindered Si face for these imines (Scheme 2). The silicon unit was selectively removed upon treatment of compounds 9 with potassium carbonate in THF/methanol at room temperature for 12 hours, leading to terminal alkynes 10 in high yields (Scheme 2). Under these mild reaction conditions the sulfinyl group remained unaltered. This is important in order not to perturb the desired further transformations.
tandem Sonogashira-cyclization process with ortho-iodophenol (11) . The reaction of 10d with 11 in the presence of catalytic amounts of Pd(PPh 3 ) 4 (2 mol%) and CuI (2 mol%), in Et 3 N at room temperature for 14 hours led to the cross-coupling product 12d as the major component of the reaction mixture, along with the desired tandem coupling-cyclization product 13d, and compound 14d, resulting from the homocoupling of the terminal alkyne 10d (Table 1 , entry 1). The formation of the homocoupling product 14d is facilitated working at higher temperatures. Thus, 14d became the major component of the reaction mixture at 40 ºC, meanwhile 12b and 13d were in an almost 1:1 ratio (Table 1, entry 2) . At 60 ºC, compound 14d was formed in a similar extension as at 40 ºC, but we observed that the initially formed Sonogashira-coupling product 12d underwent intramolecular cyclization leading to 13d (Table 1, entry 3) . 21 Fortunately, formation of undesired compound 14d was minimized working at 60 ºC under microwave irradiation, and the amount of the desired compound 13d increased by increasing reaction time from 15 to 45 minutes (Table 1 , entries 4 to 6). Longer reaction times under microwave irradiation led to significant decomposition of the 2-(2-aminoalkyl)furan derivative 13d. We studied next the scope of the reaction with different homopropargylamine derivatives 10, by applying the optimized conditions depicted in Table 1 , entry 6. In all cases, the corresponding benzofuran derivative 13 was obtained as the major reaction product, the Sonogashira-coupling product 12 being formed in a lesser extension. Importantly, for the homoproparglylamines 10e and 10f derived from aldehydes phenylacetaldehyde and benzaldehyde, compounds 12 were neither isolated nor detected. Anyway, products 12 and 13 were formed in ratios ranging from 26:74 to <5:95, and were purified very easily by column chromatography (Scheme 3).
Scheme 3. Synthesis of 2-(2-aminoalkyl)furan derivatives 13 from terminal alkynes 10
The previously commented methodology allow us an easy access to N-tert-butanesulfinyl substituted 2-(2-aminoalkyl)furans 13, which can be transformed into the free amines 15 by removal of the sulfinyl group upon treatment first of a methanolic solution of compounds 13 with hydrogen chloride 4.0 M in dioxane, and then, with a saturated sodium bicarbonate solution. After that, the crude amines 15 were treated with an aldehyde in dichloromethane at room temperature to form the corresponding imines. The progress of the reaction could be follow by gas chromatography and it took around 5 hours to go to completion. Once the intermediate imine was
formed, anhydrous magnesium sulfate was added and after filtration of the solid and removal of the solvent, the resulting crude imine was treated with trifluoroacetic acid (TFA) in a high pressure tube and heated at 90 ºC for 24 hours, leading to the expected tetrahydropyridofuran derivatives 16 in variable yields, after intramolecular electrophilic aromatic substitution at the electron-rich 3-position of the indole system (Table 2 ). In the case of formaldehyde, 1.5 equivalents from a 37% aqueous solution of formaldehyde was used in this Pictet-Spengler type cyclization (Table 2, entries   1-3) . Surprisingly, for the 2-(2-aminoalkyl)fenzofuran 13e, derived from the imine of phenylacetaldehyde, along with the expected tetrahydropyridofuran 16ea, the pentacyclic compound 16ea', resulting from a double aromatic electrophilic substitution involving also the phenyl group of the starting phenylacetaldehyde, was also formed in a significant amount (Table 2, entry 2). This double electrophilic substitution was not observed starting from compound 13f, derived from the imine of benzaldehyde. In this case, the Pectet-Spengler cyclization involving the phenyl group leading to a five-membered ring did not take place under the essayed reaction conditions ( Table 2, entry 3) . Importantly, when other aldehydes, such as isobutyraldehyde and benzaldehyde, were used, the expected 1,3-disubstituted tetrahydropyridofurans 16 were obtained as a single diastereoisomer (Table 2 , entries 4-7). The relative configuration was unambiguously determined to be cis by NOESY experiments in compounds 16. Moreover, on the contrary to formaldehyde, 15e did not undergo double electrophilic aromatic substitution when reacting with isobutyraldehyde and benzaldehyde ( Table 2, entries 4 and 7) .
Unfortunatelly, the reaction of homopropargylamine derivatives 10 with ortho-iodoaniline (17) under the palladium-catalyzed microwave irradiation conditions, which were found to be optimal for the Sonogashira-coupling and subsequent cyclization in the case of ortho-iodophenol (11) in Table 1 , entry 6, led always to very low yields of the expected indole derivative 19, taking place especially decomposition of the starting homopropargylamines 10. 22 Since the formation of the 2-(2-aminoalkyl)indole derivatives 19 from compounds 10 and ortho-aniline (17) in a single synthetic operation failed, we planned to perform first the Sonogashira-coupling reaction exclusively under thermal conditions and after that, the intramolecular cyclization to produce the five-membered ring of the indole system. The palladium-catalyzed coupling of terminal alkynes 10 and orthoiodoaniline (17) 
(3R,R S )-N-(tert-Butanesulfinyl)-1-phenyl-6-(trimethylsilyl)hex-5-yn-3-amine (9d):
16 The representative procedure was followed by using imine 7d (118.5 mg, 0.50 mmol 1  2  3  4  5  6  7  8  9  10  11  12  13  14  15  16  17  18  19  20  21  22  23  24  25  26  27  28  29  30  31  32  33  34  35  36  37  38  39  40  41  42  43  44  45  46  47  48  49  50  51  52  53  54  55  56  57  58  59 solvent evaporated (15 Torr). The residue was purified by column chromatography (silica gel, hexane/EtOAc, 2:1) to yield products 10. Yields, physical and spectroscopic data follow.
(4R,R S )-N-(tert-Butanesulfinyl)dodec-1-yn-4-amine (10a):
The representative procedure was followed by using compound 9a (357.0 mg, 1.00 mmol N-(tert-Butanesulfinyl)-6-(2-hydroxyphenyl)-2-methylhex-5-yn-3-amine (12c) 
(2R,R S )-2-(2-Amino-4-methylpentyl)-N-(tert-butanesulfinyl)benzofuran (13b):
The representative procedure was followed by using compound 10b (68.7 mg, 0.30 mmol 
(3S,RS)-6-(2-Aminophenyl)-N-(tert-butanesulfinyl)-2-methylhex-5-yn-3-amine (18c):
The representative procedure was followed by using compound 10c (68. 1  2  3  4  5  6  7  8  9  10  11  12  13  14  15  16  17  18  19  20  21  22  23  24  25  26  27  28  29  30  31  32  33  34  35  36  37  38  39  40  41  42  43  44  45  46  47  48  49  50  51  52  53  54  55  56  57  58  59 835, 747, 700, 615 cm 
